T heir stru ctu res w ere d eterm in ed by spectroscopic m ethods. Sclerotiorin was isolated for the first tim e from lichen mycobionts. R adical scavenging activities of the isolated xanthones were also studied.
Introduction
Lichens, several of which have im portant medi cinal usages as crude drugs, produce diverse sec ondary metabolites. Some of lichen substances have been found to exhibit a wide range of poten tially useful biological activities (Yamamoto, 1991) . Recent studies dem onstrated that cultures of spore-derived lichen mycobionts have an ability to produce novel metabolites under osmotically stressed conditions (Tanahashi et al., 1997; Tana hashi et al., 2000; Takenaka et al., 2000) . It was pointed out that cultures of lichen mycobionts could be new sources of bioactive compounds. In the course of our studies on cultured lichen my cobionts, we have recently isolated from the cul tured mycobionts of Pyrenula japonica and P. pseudobufonia, three xanthones, l,8-dihydroxy-5-methoxy-3-methylxanthone (1), 1,5,8-trihydroxy-3-methylxanthone (2) and l,7-dihydroxy-3-methylxanthone (3) (Tanahashi et al., 1999) . As continuation of this study, we cultivated the sporederived mycobionts P. japonica collected in Shiga, Japan, and isolated from the cultures two new xan thones, 4 and 5, along with five known compounds. In this paper, we report the structure determ ina tion of the new compounds and the evaluation of radical scavenging activities of the isolated xan thones.
Materials and M ethods

General experimental procedures
Melting points were measured on a Yanaco micro melting point apparatus and are uncor rected. The UV spectra were recorded on a Shimadzu UV-240 spectrophotometer and the IR spectra on a Shimadzu FTIR-8200 infrared spec trophotom eter. The optical rotations were m ea sured on a Jasco DIP-370 digital polarimeter. H R EIM S and EIMS were obtained with a Hitachi M-4100 mass spectrometer. The NMR experiments were performed with a Varian VXR-500 spectrom eter with tetramethylsilane as an internal stan dard. Thin-layer chromatography was perform ed on pre-coated Kieselgel 6OF254 plates (M erck), and spots were visualized under UV light.
Plant material
Specimens of Pyrenula japonica Kurok. were collected from the bark in Shiga Prefecture, Japan (200 m alt.) in 1996. The voucher specimen was identified by Dr. H. Miyawaki, Saga University, Japan and was deposited at Osaka City Institute of Public Health and Environmental Sciences with the registration No. NH9672154. Mycobionts of P. japonica were obtained from the spores dis charged from apothecia of a thallus, and were cul tivated in 102 test tubes containing modified 0939-5075/2000/1100-0910 $ 06.00 © 2000 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com • N CH3^H -4 , 5-OCH3^»H-6. HMBC correlations: H-2-*C-1, 3-CH3, C-4, C-9, C-9a, 3-CH3^C -2 , C-M Y 10 medium (malt extract 10 g, yeast extract 4 g, sucrose 100 g, agar 15 g, H 20 1 1, pH 7) at 18° in the dark. Black compact colonies with yellow crystals which covered large areas of colonies and surrounding agar were found in each test tube. A fter cultivation for 5 months, the colonies and slants with crystals were harvested.
Extraction and isolation
The harvested colonies (dry weight 75.5 g) were extracted with E t20 . The combined extracts were concentrated in vacuo to give a residue of 2.62 g, which was suspended in CHC13 and the CHC13-soluble materials were submitted to CC on Sepha dex LH-20 CC (CHCl3-M e O H 6:4 v/v). The frac tions, which contained yellow compounds, were combined and repeatedly subjected to preparative TLC with C6H 6-acetone (9:1) and toluene-acetone (95:5), giving rise to 1 (133.3 mg), 2 (212.0 mg), a mixture of 2 and 3 (248.4 mg), 4 (8.2 mg), 5 (27.0 mg), 6 (6.1 mg) and 7 (184.1 mg). A mixture of 2 and 3 was further purified by preparative TLC (toluene-AcO H, 20:3), yielding 2 (181.3 mg) and 3 (33.1 mg).
1.8-Dihydroxy-3-hydroxymethyl-5-methoxyxanthone ( 
Methylation o f 5
To a solution of compound 5 (5.0 mg) in acetone (30 ml) were added K2C 0 3 (120 mg) and Me2S 0 4 ( 11 ml), and the whole was heated under reflux for 7 h. The reaction mixture was diluted with H20 and extracted with CHC13. The washed and dried organic layer was concentrated in vacuo and the residue was purified by preparative TLC (C6H 6-acetone, 9:1) to yield 8 (1.1 mg) as a crystalline solid. 'H NM R (CDC13): b 2.37 (3H, s, 3-CH3 
M easurement o f free radical scavenging activity
The E tO H solution (0.6 ml) of each test sample was added to a mixture of 0 .1 m acetic acid buffer (pH 5.5, 0.6 ml) and 0.25 mM DPPH E tO H solu tion (0.3 ml) in a test tube and left to stand at room tem perature for 30 min. The absorbance of the resulting solution was measured at 517 nm. aTocopherol and BHT were used as standard sam ples.
Results and Discussion
The polyspore-derived mycobionts of Pyrenula japonica Kurok. collected in Japan were cultured on conventional malt-yeast extract medium sup plemented with 10 % sucrose at 18° in the dark. A fter cultivation of 5 months, the colonies with yellow crystals and agar medium were extracted with E t20 . The extract was separated by a combi nation of CC and preparative TLC to afford seven compounds, 1-7.
Compounds 1 -3 were identified as 1,8-dihydroxy-5-methoxy-3-methylxanthone, 1,5,8-trihydroxy-3-methylxanthone and l,7-dihydroxy-3-methylxanthone by direct comparison with au thentic samples isolated from the cultured mycobi onts of P. japonica (Tanahashi et al., 1999) . Com pound 6 was identified with an authentic emodin. Emodin has already been isolated from the cul tured mycobionts of Xanthoria fallax and an un identified Caloplaca spp. (Nakano et al., 1972) , but not from those of the genus Pyrenula. Com pound 7 was determined to be sclerotiorin by its spectro scopic analysis. The sign of its optical rotation (Birkshaw, 1952) . This result could be accounted for by the possibility that compound 7 contained a stereoiso m er such as 7-epi-sclerotiorin (Gregory et al., 1963) but we could not come to a conclusion. Azaphilones such as sclerotiorin have never been reported as a constituent of the cultured mycobi onts of lichens, and the present work constitutes the first instance. Its ]H NM R spectrum exhibited signals for a methoxyl group at 6 3.86 (s), two aromatic protons at 6 6.46 and 6.71 (each br s), a pair of ortho-coupled doublets at 6 6.75 and 6.98 (each 1H, d, 7=9.0 Hz) and two chelated hydroxyl groups at 6 11.10 and 11.61 as well as the signals assignable to a hydroxymethyl group at ö 4.57 (2H, br s) and Ö 5.58 (br, OH). The 13C NMR data of 4 were nearly identical with those of 1 except for the presence of the car bon signal resonating at 6 62.2 instead of the methyl carbon as in 1 and downfield shift of C-3. These findings indicated that compound 4 has a hydroxymethyl group at C-3 in place of a methyl group as in 1. The position of the substituents on aromatic rings was further confirmed by its NOESY spectrum, which showed significant cor relations between the methoxyl and a doublet at 6 7.45 and between the hydroxymethyl and two broad singlets resonating at ö 6.75 and 6.98. All spectral data of HM QC and HMBC experiments were fully consistent with the proposed structure for the isolated compound. Accordingly the struc ture of 4 was elucidated as l,8-dihydroxy-3-hydroxymethyl-5-methoxyxanthone.
In the HR-MS, compound 5 showed a molecular ion at m /z 576.2619, corresponding to the molecu lar formula C 15H 120 6, and the UV absorptions at 206, 243, 263, 280, 351 .5 and 420.5 nm were indica tive of a xanthone structure. Its 'H NMR spectral features [a methyl group at 6 2.30, a methoxyl at 6 3.88, a pair of ortho-coupled aromatic protons at Ö 6.70 and 7.45 (each d, 7=9.0 Hz) and an aromatic proton at 6 6.95 (br s)] showed close similarity to those of 1 , the significant difference in their spectra being that 5 showed a broad singlet at 6 6.95 instead of a pair of meta-coupled aromatic proton signals as in 1. These findings suggested that 5 possess an additional phenolic hydroxyl group in the ring A of 3. The location of the hy droxyl group at C-2 was suggested by upfield shifts of C -l, C-3 and C-4a, relative to those of 1, as well as the results of HM BC and NOESY experiments. In order to confirm the suggestion, compound 5 was methylated with Me2S 0 4 to give 8. In the NOESY spectrum of 8, the C-methyl group was correlated with an aromatic proton at 6 7.13 and OMe at 6 3.89, but no interaction between the aro matic proton and OMe at 6 4.02 was observed. These findings ruled out the possible structure with a hydroxyl group at C-4 for the new com pound. Thus, compound 5 was characterized as l,2,8-trihydroxy-5-methoxy-3-methylxanthone.
We have previously reported that xanthones 1 -3 were commonly produced in lichen mycobionts of different species isolated from highly unrelated lo cations (Tanahashi et al., 1999) . In this study the same xanthones were isolated again from the cul tured mycobionts of P. japonica from another col lection site, although these compounds have not yet been found in lichenized condition. The occur rence of these xanthones in the cultures of lichen mycobionts is of great interest from the viewpoint of their physiological and biological significance, e.g. antioxidant and antibacterial activities, and may account for a better chance of survival of the mycobiont in prelichenized condition.
In this context, the antioxidant activities of com pounds 1 -3 and 5 were studied. Fig. 2 shows the dose-response curves for 2,2-diphenyl-1 -picrylhydrazyl (D PPH ) radical scavenging activity of the tested compounds. The radical scavenging activi ties of compounds 2 and 5 were higher than those of well-known antioxidants, a-tocopherol and 2,6-di(terf-butyl)-4-methylphenol (BHT), while com pounds 1 and 3 showed only low activity. Con sidering the antioxidant activities of these xan thones, it is worth noting the importance of the two hydroxyl groups in the ortho-diphenolic ar rangement or hydroquinone structure. M ethyla tion of the hydroquinone in 3 reduces the activity and an isolated hydroxyl group in 5 is inefficient for the DPPH radical scavenging. Although fur ther study is needed to know the radical scaveng ing activity against superoxide anion radical, hy droxy radical and peroxy radical, the present results dem onstrated the possibility of the xan thones to serve as antioxidant in the cultured li chen mycobionts.
